INTRODUCTION {#S0001}
============

There are approximately 800,000 to 1,000,000 workers doing welding as their full time job all over the world ([@CIT0001], [@CIT0002]). In Iran as well, welding is pretty popular as an industrial activity for connecting pieces of metal together. TIG and MIG welding on mild or low carbon steel is widely used in various industries due to the advancements in technology and industrial manufacturing. Metal fumes and gases like ozone and nitrogen oxides are generated during welding ([@CIT0003], [@CIT0004]). These gases cause adverse complications in welders such as headache, chest pain, upper airway dryness, irritation of respiratory mucosa, inflammation of airways, hyper-responsiveness of airways, asthma, susceptibility to viral infections and pulmonary edema ([@CIT0005]--[@CIT0008]). Ozone and nitrogen dioxide are potent oxidizing agents. They cannot pass the cell membranes but are capable of lipid peroxidation of bio-membranes. Lipid peroxidation can finally result in oxidative deterioration of cell membrane and produce a compound called malondialdehyde which is measurable in blood serum ([@CIT0009]). In TIG and MIG welding, ozone and nitrogen oxides are generated in a considerably greater extent than in other types of welding. Noble gases like argon are used to control, stabilize and reinforce the welding point ([@CIT0010], [@CIT0011]).

Considering the significance of mentioned welding techniques and lack of information regarding exposure of Iranian welders to potent oxidizing agents, we decided to monitor occupational exposure of welders to ozone and nitrogen oxides and measure serum level of malondialdehyde in them and compare it with the control group for the first time in Iran.

MATERIALS AND METHODS {#S0002}
=====================

This descriptive cross-sectional analytical study was conducted to evaluate exposure of mild steel welders to ozone and nitrogen oxides during TIG and MIG welding. In this study, 43 welders working in the manufacturing of oscillatory tubes and 41 controls (montage workers) with no active exposure to ozone and nitrogen oxides were evaluated. Understudy subjects were interviewed and data regarding their age, work shifts, work history, smoking, history of renal disease or diabetes, medication intake and use of personal protection devices were obtained. Smokers, those suffering from underlying diseases and cases with history of drug consumption were excluded from the study.

Exposure of cases and controls to ozone was evaluated using Occupational Safety and Hygiene Association (OSHA) protocol ID214. Air samples were taken in the breathing zone of workplace for 3 hours with flow rate of 0.5 lit/min. Ozone was collected using nitrite-impregnated glass fiber filters (IGFFs) and analyzed using HPLC-UV (High Performance Liquid Chromatography Ultra-Violet) and wavelength of 210 nm was applied to detect nitrate ([@CIT0012]). In order to evaluate exposure of cases and controls to nitrogen oxides, SKC226-40 sorbent sample tubes were used for air sampling according to NIOSH (National Institute of Occupational Safety and Health) method 6014 and air samples were obtained for 60 min with flow rate of 0.1 lit/min. Chemical reagents (hydrogen peroxide, sulfonyl amide and n-1-naphthyl ethylene diamine dihydrochloride) were added and samples were analyzed at 540 nm wavelength using a spectrophotometer ([@CIT0013]). After taking samples from breathing air, a 5 ml blood sample was taken from welders and control population. Blood serum was separated with centrifuging (4500 g) for 10 min. Blood serum samples were preserved in plastic tubes at -20 C° until analysis. In order to evaluate lipid peroxidation in welders and controls, malondialdehyde was separated from blood serum of subjects using HPLC with mobile phase (30% 30mM KH~2~PO~4~, 70% Methanol) and chromatography column C~18~ with 30 cm length and flow rate of 1ml/min and analyzed at 254 nm wavelength ([@CIT0014]).

Data were first evaluated by Kolmogorov-Smirnov test to ensure their normal distribution and then were analyzed using t-test, Pearson\'s correlation coefficient and regression models. SPSS version 16 software was used for data analysis and P \< 0.05 was considered statistically significant.

RESULTS {#S0003}
=======

[Table 1](#T0001){ref-type="table"} summarizes characteristics of welders and controls. According to this table, the 2 groups were similar in terms of mean age and work history. Concentration of ozone and nitrogen oxide pollutants was measured in the breathing air of work place. A total of 88.4% and 74.4% of welders had exposure to ozone and nitrogen dioxide higher than the permissible limit of occupational exposure, respectively. However, level of nitrogen oxide was lower than the permissible limit ([Table 2](#T0002){ref-type="table"}). Exposure to ozone and nitrogen oxide during MIG welding was higher than TIG welding (P = 0.006). However, concentration of nitrogen dioxide was not significantly different in the 2 types of welding ([Table 2](#T0002){ref-type="table"}). Serum level of malondialdehyde in welders was compared with that of controls and mean level of malondialdehyde in blood serum of both TIG and MIG welders was significantly higher than the control group (P = 0.001). However, no significant difference was detected in this respect between TIG and MIG welders ([Figure 1](#F0001){ref-type="fig"}).
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###### 

Demographic characteristics of understudy subjects.

  Variable                  Welders (n = 43)   Controls (n = 41)              
  ------------------------- ------------------ ------------------- ---------- -------
  **Age (year)**            27.6±4.7           20-39               27.2±3.3   22-35
  **Work history (year)**   4.6±3.6            1-20                4.6±3.0    1-13

###### 

Comparison of the measured concentrations of ozone and nitrogen oxides (mean±SD) as ppm in the breathing air of welders with standard permissible exposure limit in TIG and MIG welding.

  Oxidizing agents       All welders   Control group (n = 41)                   Standard [\*\*](#TF0003){ref-type="table-fn"}   Exposure\> permissible limit   TIG (n = 20)   MIG (n = 23)   p-value [\*](#TF0001){ref-type="table-fn"}
  ---------------------- ------------- ---------------------------------------- ----------------------------------------------- ------------------------------ -------------- -------------- --------------------------------------------
  **Ozone**              0.30±0.19     [\*\*\*](#TF0003){ref-type="table-fn"}   0.1                                             88.4%                          0.21±0.12      0.37±0.22      0.006
  **Nitrogen dioxide**   3.41±0.63     [\*\*\*](#TF0003){ref-type="table-fn"}   3                                               74.4%                          3.54±0.65      3.29±0.60      0.21
  **Nitrogen oxide**     0.52± 3.0     [\*\*\*](#TF0003){ref-type="table-fn"}   25                                              0                              0.41±2.70      0.54±3.20      0.006

Comparison of exposure of welders in TIG and MIG welding

Iranian Occupational Hygiene Standard

Below the detectable rate of 0.07 ppm for ozone and 0.25 ppm for nitrogen oxides

Occupational exposure to ozone, age and work history were significantly correlated with serum level of malondialdehyde. Exposure of welders to nitrogen dioxide or nitrogen oxide was not significantly correlated with malondialdehyde in blood serum. In the control group, a significant correlation was detected between age and work history with serum malondialdehyde. After adjusting for work history, the small correlation coefficient between occupational exposure to ozone and serum level of malondialdehyde increased from 0.349 to 0.447 (P = 0.003)([Table 3](#T0003){ref-type="table"}).

###### 

Correlation coefficient for association of malondialdehyde serum level and under study variables in both groups.

  Variables                                     Welders (n = 43)   Controls (n = 41)           
  --------------------------------------------- ------------------ ------------------- ------- -------
  **Ozone**                                     0.349              0.022                       
  **Nitrogen dioxide**                          -0.028             0.857                       
  **Nitrogen oxide**                            -0.063             0.687                       
  **Age**                                       0.304              0.047               0.583   0.001
  **Work history**                              0.735              0.001               0.546   0.001
  **Ozone after adjustment for work history**   0.447              0.003                       
  **Nitrogen dioxide**                          -0.083             0.602                       
  **Nitrogen oxide**                            0.09               0.569                       

In the regression model, r^2^ coefficient for determining the relationship between occupational exposure to ozone and malondialdehyde serum level was calculated to be 0.122. R^2^ coefficient was 0.54 for relationship between work history and malondialdehyde serum level and 0.632 for occupational exposure to ozone and work history with serum concentration of malondialdehyde. Regression analysis showed that exposure to ozone and especially duration of exposure had a significant effect on serum level of malondialdehyde. Duration of exposure alone is responsible for 54% of changes in serum malondialdehyde level ([Table 4](#T0004){ref-type="table"}).

###### 

Regression model for association between ozone and work history variables and serum malondialdehyde level in welders (n = 43)

  Independent variable         R Square   P-value   Linear formula
  ---------------------------- ---------- --------- ----------------------------------------------
  **Ozone**                    0.122      0.05      MDA = 3.557 + 1.647 Ozone
  **Work history**             0.54       0.001     MDA = 3.179 + 0.188 Experience
  **Ozone and work history**   0.632      0.001     MDA = 2.773 + 0.183 Experience + 1.435 Ozone

DISCUSSION {#S0004}
==========

Occupational exposure of steel welders in both TIG and MIG welding to oxidizing agents like ozone and nitrogen oxides has been reported in the literature ([@CIT0015]). In this study, welders were exposed to ozone and nitrogen oxides concentrations of 0.30±0.19 ppm and 3.41±0.63 ppm, respectively. The permissible exposure limit is 0.1 ppm for ozone and 3 ppm for nitrogen oxides according to the Iranian Occupational Safety and Hygiene Association. Most workers had exposure to ozone and nitrogen dioxide greater than the permissible limit which can cause headache, chest pain, upper airway dryness, airways inflammation, airways hyper-responsiveness, asthma, susceptibility to viral infections and pulmonary edema ([@CIT0005], [@CIT0006], [@CIT0007], [@CIT0008]). MIG welders in this study had significantly greater exposure to ozone compared to TIG welders. This has also been reported in some other studies and is probably due to the higher voltage of electric arc ([@CIT0016]). In various studies, welders have been reported to be exposed to ozone and nitrogen dioxide in the concentration range of 1.32-4.8 ppm and 1.7-7 ppm, respectively ([@CIT0017]--[@CIT0019]) which was higher than range of exposure among Iranian welders. It should be mentioned that concentration of ozone or nitrogen oxides in the work environment of welders depends on the frequency of welding, quality of the ventilation system used in the work place and method of air sampling and analysis. In previous studies, exposure to ozone was measured using simple methods like indicator tubes or direct reading instruments. Unfortunately, these methods are not approved as reliable accredited techniques by scientific organizations. However, methods used in the present study are accepted and accredited by the OSHA ([@CIT0012]) and therefore our obtained results regarding exposure of welders to ozone are more reliable.

Welders were exposed to nitrogen dioxide and nitrogen oxide concentrations of 3.41±0.63 ppm and 3.0±0.52 ppm, respectively. Concentration of nitrogen dioxide was within the permissible exposure limit in 26% of cases but for nitrogen oxide this rate was below the permissible limit set by the Iranian Occupational Safety and Hygiene Association in 100% of cases ([@CIT0020]). Considering the concentration of nitrogen oxides and lack of correlation between occupational exposure of welders to nitrogen oxide or nitrogen dioxide and their serum level of malondialdehyde, it does not seem that exposure to nitrogen oxides would be problematic. On the other hand, ozone is a stronger oxidizing agent than nitrogen oxides ([@CIT0021], [@CIT0022]) and most welders in this study had exposure to concentrations greater than the permissible limit (0.1 ppm) for this gas. Therefore, ozone plays a more significant role in health status of TIG and MIG welders.

Considering the potential impacts of ozone and nitrogen dioxide on the pulmonary system and potential of causing lipid peroxidation in cell membranes ([@CIT0009], [@CIT0023]), we measured the serum level of malondialdehyde as an indicator for oxidative stress ([@CIT0024]). Serum level of malondialdehyde was 4.05±0.92 µmol/l in welders and 1.94±0.32 µmol/l in controls which confirms the results of a previous study regarding the higher level of malondialdehyde in blood serum of welders compared to controls ([@CIT0015]). A significant relationship was observed between serum malondialdehyde level and exposure to ozone alone and in association with work history. It seems that exposure of welders to ozone has a cumulative effect on their health. It should be mentioned that no significant association was observed between serum level of malondialdehyde in welders and exposure to nitrogen oxide or nitrogen dioxide which can be due to the exposure rate lower than permissible exposure limit in welders to these gases and also weaker oxidizing power of them compared to ozone ([@CIT0022]).

Biological monitoring in recent occupational toxicologic studies has been suggested as a more comprehensive method for determining exposure of workers to hazardous agents ([@CIT0018], [@CIT0022]). Based on our study results and those of Fidan regarding limited exposure of TIG and MIG welders to iron oxide fume, ozone and nitrogen oxides ([@CIT0009]), oxidative stress can only be caused as the result of exposure to oxidizing agents like ozone and nitrogen oxides and measurement of serum level of malondialdehyde as an indicator of lipid peroxidation seems beneficial.

This study was the first to evaluate exposure to oxidizing agents in Iran. Further investigations are required on oxidative stress in welders as a prognostic factor for pulmonary diseases. Based on such studies, a biologic standard can be set for risk assessment in welders to prevent pulmonary diseases. Also, considering the exposure rate of Iranian welders to ozone and nitrogen oxides and higher serum level of malondialdehyde in them compared to controls, risk management should be taken seriously in this group of workers.
